Background Individuals of lower socio-economic status (SES) are less likely to participate in health surveys than individuals of a higher SES. It is, however, not known whether this difference in participation is associated with health status. This study sets out to assess whether a population health survey gives biased estimates of socio-economic inequalities in self-reported health.
Introduction
Over the last decade, the number of new health surveys has increased, with 37 national health interview surveys being carried out in Europe between 2000 and 2004. 1 These surveys provide useful information for designing and assessing the implementation of public health policies; 2 more recently, health surveys have been used to track health inequalities in the United States 2 and in Europe. 3 However, the participation rates in such surveys have been shown to vary widely. 4, 5 A recent review of European health interview surveys reported participation rates ranging from 52% to 95%. 1 Besides, participation rates have been declining in recent decades, particularly for population-based studies. 6 Although the US National Health Interview Survey has had rather higher participation rates, these have also been declining steadily over the last decade, from 96% in 1990 to 87% in the 2004 survey. If the participation rate is low to moderate, the risk of selection bias becomes serious. 7 However, the link between participation and survey error is not that straightforward and has recently been questioned. Comparing participation rates between subgroups provides poor information about possible biases 8 and studies with low responses may even be less biased than studies with high response rates. 9 If participation difference between socio-economic groups is unrelated to health status, then participation will not affect results in terms of socio-economic inequalities in health. Conversely, if individuals of lower socio-economic status (SES) are less likely to participate in a survey than well-off individuals when they have poorer health status, then these socio-economic inequalities are likely to be underestimated. Previous studies have shown that well-off socio-economic groups are more likely to participate than disadvantaged groups. [10] [11] [12] [13] [14] In relation to health status, the results are, however, inconsistent: participation tends to be higher for individuals who have used health care 10, [15] [16] [17] or are severely ill; 18 but other studies have evidenced lower participation in individuals with a poorer health status 11, 12, 14, 19 and follow-up studies have shown that individuals refusing to participate have a higher mortality risk than participants. 11, 20, 21 It is, therefore, unclear whether health surveys provide unbiased estimates of socio-economic risk factors for poor health status. In 2001, Belgium carried out both a census and a health interview survey with the same health status questions delivered to the same target population. Using this unique opportunity, we assess whether a health survey provides biased estimates of socio-economic inequalities in self-reported health. We aimed, firstly, to compare the results of the census with those of the survey, and, second, to measure the selection bias in selfreported health status among different socio-economic groups.
Methods

Study population
The study compared data collected by means of a health interview survey to those collected by a census. The health interview survey and the census were both carried out in 2001 and the target population for both included all individuals with their main residence in Belgium. The health survey was a multi-stage stratified household sampling; the number of households contacted was 9011 and 5533 participated (participation rate ¼ 61.4%). For the census, 4 248 502 households were contacted and 4 101 890 replied (participation rate ¼ 96.5%). The health survey was a voluntary, face-to-face interview at the residence of the household, whereas the census was delivered by post and was compulsory. The detailed methodology of the survey is provided elsewhere. 22 The census and health survey questionnaires can be accessed at http://www.sesa.ucl.ac.be/ questionnaires Analysis of the census and health survey data was restricted to individuals over 15 years of age and living in private households (census n ¼ 8 491 528 vs health survey n ¼ 10 164).
Measures
Both the census and the health survey questionnaire included a widely used and validated question about subjective health status ('How is your health in general? Very bad, bad, fair, good, very good'). 23 Subjective health was classified into two groups (very bad, bad and fair vs good and very good). We selected socio-economic covariates known to be important predictors of self-rated health and available in both questionnaires: housing tenure, educational level, working status, nationality and household type. Although education, working status and housing tenure are commonly used to measure SES, we cannot discount the possibility that their association with self-reported health may be vulnerable to residual confounding, particularly as income data was not available to us.
However, our aim in this study is to compare SES risk factors from the survey and the census: although residual confounding may exist, it should apply to both the survey and the census.
Data analysis
Our analytical strategy involved four steps. First, the distributions of the health survey and the census were compared. Differences were tested using a Chi-squared, taking the census as the theoretical distribution. Second, using a log-binomial regression, 24 we compared the prevalence ratios for poor health status among the different socio-economic groups for both the census and the survey, controlling for age and sex. Following Kleinbaum, we computed the relative odds ratio (ROR) as the ratio of the prevalence ratio in the survey to the prevalence ratio in the census. 25 The confidence interval (CI) of the ROR was computed using the formula of Nohr and colleagues. 26 The CDC guidelines for the measurement of inequalities state that disparities should be measured in both absolute and relative terms. 27 We thus computed rate difference as the difference between the standardized prevalence in the census and the standardized prevalence in the survey. The prevalences were directly standardized using the census 2001 age and sex distribution. Next, we computed the participation fraction for each socioeconomic group, stratified by health status. If a is the participation fraction (m/N) of those exposed (low SES) and having poor health status, b the participation fraction of those non-exposed (high SES) and having poor health status, d the participation fraction of those exposed and having good health and g the participation fraction of those non-exposed and having good health, with m and N, respectively, the number of observations in the sample and the number of observations in the whole population, then, according to Kleinbaum and colleagues, selection bias arises whenever the participation odds of the healthy (R h ¼ d/g) are different from the participation odds of the non-healthy (R nh ¼ a/b) 25 so that
However, for legal reasons, we were not able to match each individual record of the health survey with its corresponding individual census record. Matching, therefore, had to be carried out at the group level: combining the selected sociodemographic and health variables yielded 2048 groups. For each group, we computed the number of sampling observations from the survey (m, weighted according to the health survey sampling design) and the number of observations in the population (¼N). Merging these two tables allowed us to compute the sampling fraction for each group. We then used logistic regression to investigate the effect of the socioeconomic covariates on the sampling fraction, stratifying our analyses by health status. The dependent variable was the sampling fraction, that is the ratio ((m k /N k ) k ¼ 1,. . .,2048) of the number of individuals participating in the health survey (m k ) to the number of individuals registered in the census (N k ) within each k group. The independent variables were the socioeconomic covariates, controlled for age and sex. All computations were carried out using SAS version 9.
Health survey observations were weighted according to the sampling design. Analysis weighted in this way provides valid point estimates but may lead to slight underestimation of variance, because of clustering at the household level. Sensitivity analysis showed however that the CIs of our results were minimally affected. This is mainly due to the fact the number of clusters (¼households) is big and the number of units (¼individuals) within a cluster (¼household) limited (maximum 4).
Quality of the data sources
In these initial steps, the census was considered as the benchmark, an assumption that needed to be verified. Indeed, it could be that a trade-off occurred between two types of bias:
28 while a survey is more at risk of selection bias when participation is modest, conversely, a census may be at risk of information bias due to the manner in which the information is collected. 29, 30 Indeed, because the census was compulsory, and was delivered and returned by post, there was concern that respondents would return their questionnaire with more data missing or inconsistent data. 31 As a consequence, in our final fourth step, we computed the percentages of item non-response for the whole sample or population as well as for hard-to-reach groups, such as the elderly, less-educated individuals and nonBelgian nationals. 32 We also proceeded to check the consistency of the responses by comparing the percentage of unexpected responses, i.e. the percentage of participants who reported continuous daily restrictions on their activities but nonetheless declared that they had very good health.
Results
The census and the health survey had a slightly different distribution for age, nationality, housing tenure and education (Table 1) . Compared with the census, the survey had a lower 
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percentage of younger participants, of participants with a lower educational level, of non-Belgians and of tenants. There were no or few differences in distribution for sex, household type, or working status (Chi-squared P-values >0.08). Compared with the census, the health survey had a lower prevalence of poor subjective health (Table 1) . Table 2 shows the prevalence ratio of poor subjective health by socio-economic group for both the survey (first column) and the census (second column), controlling for age and sex. The last column gives the ROR: a value below one indicates that the survey had a lower prevalence ratio than the census's prevalence ratio. Poor health status was less strongly associated with not working in the survey than in the census (ROR ¼ 0.75, 95% CI 0.67-0.83). Likewise, participants with primary education only had a lower risk of poor health status in the survey than in the census (ROR ¼ 0.74, 95% CI 0.66-0.83). For household type, nationality and housing tenure there were few differences in the prevalences ratio.
We stratified this analysis by sex (results not shown), for primary education, and for those not working. For education, women had a higher ROR of 0.86 (95% CI 0.72-1.03), compared with a ROR of 0.68 for men (95% CI 0.58-0.80); the reverse was found among women not working, with a lower ROR of 0.69 (95% CI 0.60-0.80), compared with 0.82 for men (95% CI 0.70-0.95).
The standardized prevalences of poor subjective health are displayed in Table 3 for both the survey and the census, with the rate difference computed as the difference between the census and the survey. All rate differences but one was positive, indicating that the survey had a lower prevalence than the census. Absolute differences were higher for individuals living alone (rate difference: 6.6%), for tenants (rate difference: 5.2%), for individuals not working (rate difference: 7.7%) and for those with primary education only (rate difference: 5.9%). The odds of participation by health and SES are provided in Table 4 . The first column provides the participation odds ratios (ORs) among those declaring a poor health status, the second column among those declaring good health. The last column displays the bias as the relative difference between the first and the second column (as a percentage of the second) and its 95% CI. A negative difference implies an underestimation of poor health status among the group in comparison with the reference category (the participation OR is greater among healthier individuals), while a positive difference implies an overestimation (the participation odds OR is greater in the non-healthy category). All estimates were controlled for age group and sex. Compared with Belgians, foreigners were slightly less likely to participate when they had poor health (À0.11, 95% CI À042, 0.21). Tenants with a poor health status were less likely to participate than tenants with a good health status, resulting in an underestimation of the association between housing tenure and health (bias ¼ À0.17, 95% CI À0.29, À0.25). Individuals not working were more likely to participate when they had good subjective health (OR ¼ 1.32, 95% CI 1.25-1.40) than when they had a poor health status (OR ¼ 0.71, 95% CI 0.63-0.79), resulting in an underestimation of the risk of poor health status among those not working (bias ¼ À0.47, 95% CI À0.56, À0.38). Finally, compared with the more highly educated, participants with primary education only were less likely to participate when they had poor subjective health (OR ¼ 0.55, 95% CI: 0.48-0.63) and were more likely when they reported good subjective health (OR ¼ 1.67, 95% CI 1.57-1.79). As a consequence, the risk of poor health was underestimated among the less educated (bias ¼ À0.67, 95% CI À0.75, À0.59).
Finally, we compared the quality of information provided by the census and the survey. For the subjective health question, there were fewer non-responses in the census than in the survey (census: 2.6% vs survey: 7.8%). Among the elderly, the risk of non-response to any of these three questions was higher in the census (OR ¼ 1.12, 95% CI 1.11-1.14, Table 5 ) than in the survey (OR ¼ 0.92, 95% CI 0.65-1.31). The opposite was true for the less educated and for foreigners: the risk of any nonresponse was higher in the survey than in the census. Finally, there were similar degrees of inconsistency in the responses to the census and the survey: among those declaring continuous limitation due to a long-term restricting illness, 0.9% declared very good health in the census and 2.6% in the survey.
Discussion
We found that lower educated and not working individuals were less likely to participate in the survey when they had a poor health status compared with the better-off groups, leading to an underestimation of the effect of low SES on poor subjective health.
The lower participation for disadvantaged socio-economic groups when they have a poorer health status fits the Bias ¼ (OR among poor health À OR among good health)/OR among good health; Standard error of the ratio computed by way of the delta method:
* P < 0.05; **P < 0.01; ***P < 0.001
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leverage-saliency theory. This predicts that a survey attribute (such as the topic or the question of privacy) will have a different effect on the decision to participate in different persons. 33 The reduced participation rate of the disadvantaged socio-economic groups when they have a poorer health status may be explained by two factors: an involvement effect and a privacy effect. Although low socio-economic groups are big health care consumers, this is mainly because of their poor health status. For a given health status, groups with a lower SES tend to use health care less, particularly specialized care. 34, 35 These timid health care consumers might thus display a lower willingness to participate in health surveys, presumably for the same reasons that patients under using health care are less willing to get involved in research addressing health status. 18 Another explanation may relate to lifestyle factors, such as smoking or being sedentary. These risk factors are known to be more common in less well-educated individuals and to reduce survey participation. 21, 36, 37 Given the importance of lifestyle in the health survey and the current increasing public pressure on smoking, particularly in public facilities, it is possible that lower SES individuals may have declined participation for fear of stigma. This is consistent with the fact that privacy concerns are the leading cause for nonresponse in health surveys 38 and with other studies showing that those with less education or with lower SES are less likely to respond to surveys addressing health behaviours. 13, 39 This hypothesis was checked by computing the non-response percentage for the smoking question in the health interview survey: item non-response for this question was higher in less educated than in more highly educated individuals (1.3% vs 0.5% 2 ¼ 16.6, P < 0.01). This hypothesis is also supported by the lower prevalence of poor subjective health in the survey compared with the census prevalence of poor subjective health: if, as found in previous research, riskier lifestyles increase both the risk of non-participation and the risk of poor health status, then the survey may also be more likely to underestimate the prevalence of poor subjective health. Up to now, increasing the participation rate has been the main objective of population surveys. Our study, however, suggests that survey participation is not necessarily a good predictor of survey error: e.g. although working individuals participated as much as inactive individuals, the health status of the latter was underestimated. Conversely, tenants had a lower participation rate but their risk ratio of poor health was not particularly biased. This finding is consistent with recent survey research: as suggested by a recent review by Robert Groves, the slope between participation rate and survey error is mostly flat. 8 Although there is evidence that non-participation bias does occur, it tends to vary greatly within a survey. 8 An overall survey participation rate is thus a poor indicator of survey bias, which can be quite small for some groups and important for others, and depends, as we have shown, on their health status. The selection bias was computed on the assumption that the census was a complete and valid denominator. Since the participation rate for the census was not 100%, this assumption needs to be verified and we need to acknowledge the possibility of a selection bias for the census itself. Indeed, our results could be affected if the census non-participants had a much higher risk of poor health status than the non-participants in the health survey. Since the census was linked to the national register, it was at least possible to check the association between age and non-participation in the census. It turned out that non-participation in the census had, as in the health survey, a U-shaped association with age: it decreased from 4% in the 15-24-year group to 1.2% in the 25-44-year group and then increased to 2.1% for the 65þ group, presumably because the elderly are more likely to be institutionalized. As a consequence, because non-participation in the census was small, and higher in the younger age group than in the elderly, and because this age pattern was similar to the age pattern observed in the health survey, we are confident that nonparticipation in the census would not jeopardize our conclusions.
A second limitation concerns the study design. The census was a self-completed questionnaire delivered by post, while the survey was face-to-face. As a consequence, differences in socio-demographic risk factors for poor health status may be due not only to selection bias but also to the difference in administration mode. There is indeed some evidence that the mode of questionnaire administration influences the distribution of health status responses: participants are less likely to choose extreme categories of responses to the health status questions (very good or very bad) in a self-completed questionnaire than in a face-to-face interview, so that the former mode of administration will display a more concentrated distribution than the latter. 40 However, for two reasons, we are confident that the administration mode will have influenced our conclusions only modestly. First, a previous study suggested that the administration mode only slightly influenced the results in terms of health inequalities. Moreover, because a self-completed questionnaire would display a more concentrated distribution than a face-to-face interview, at worst we may have slightly underestimated the differences between the census (a self-completed questionnaire) and the survey (face-to-face) regarding socio-demographic inequalities in health. Another limitation comes from the matching of the census and the survey at the group level (Table 4 ). The validity of the selection bias results may be vulnerable either to ecological error or misclassification. Ecological error would occur if the association at the group level did not reflect a true association at the individual level. Two elements, however, makes this risk rather low: first, the sizes of the selection biases were in line with the relative risk ratios, so that the analysis at the group level (Table 4) was consistent with the individual-level analysis (Table 2) ; second, with 2048 groups, the level of aggregation was quite low, reducing the risk of ecological error. Nevertheless, with 2048 groups, the risk of misclassification cannot be discounted: indeed, if the definitions of the variables in the survey and in the census were not strictly the same, there could be a risk that individuals classified, e.g. as having low educational status in the survey might be classified differently in the census. Is this risk important? We think this risk is rather low, for three reasons: first, we carefully chose limited socio-demographic variables whose definitions matched perfectly in both the survey and the census. Second, for some covariates (age, sex, nationality and household composition), information came directly from the national register for both the census and the survey and was thus not vulnerable to reporting error. Third, although some measurement error may exist, our results would be affected only if both of the following two conditions are met: (i) misclassification of SES is linked to health status; (ii) this difference is not a random individual error but is systematic for an important group of individuals. To assess the threat to validity, we carried out a sensitivity analysis: we compared the selection bias for low education in a table with only 32 groups (two genders, four age groups, four educational groups) with the initial results estimated for the 2048 groups. In the 32-group analysis, OR of selection for the less educated (compared with the more highly educated) were 0.56 and 1.68, respectively for the unhealthy and the healthy, leading to a bias of À0.67; these results were much the same as those that we found with 2048 groups.
41
Finally, we may question whether our Belgian setting can be generalized to other populations, particularly as the participation rate for our health interview survey was lower than the rates reported for the 2004 US Health Interview Survey (87%) or the 2003 UK Health Survey (73%). However, such participation rates are common in Europe 1 and the design of the Belgian health interview survey is largely consistent with other European surveys. A study reviewing participation in epidemiological studies has found, moreover, that lower SES is also likely to affect participation in epidemiological studies, both in the United States and in a number of European countries.
39,42
Conclusions
Inequalities in health were placed at the forefront of the European Union's National Action Plans at the Lisbon European Council. 43 Our study shows that caution is required regarding the magnitude of socio-demographic inequalities in self-rated health as measured by surveys. Strategies to improve participation in health surveys have been identified. 44, 45 In order to improve relevance and acceptance among hard-toreach audiences, one possible avenue would be to avoid having the same script for all participants and, instead, to address more specifically their concerns, e.g. by addressing privacy concerns or providing incentives.
